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We examined these 3 Clock Drawing Test scoring systems for interrater and intrarater reliability among 3 novice medical student raters. Score discrepancy was then examined for the 3 Clock Drawing Test scoring systems through review of a large set of clock drawings from patients attending a preoperative anesthesia clinic.
METHODS
The University of Florida Institutional Review Board/ Research Ethics Committee approved this investigation with a waiver of consent. This article adheres to the applicable Guidelines for reporting reliability and agreement studies and Enhancing the QUAlity and Transparency Of health Research guidelines.
Preoperative Anesthesia Clinic Clock Drawings
Data were retrospective acquired from 2 sources: (1) a preoperative hospital-wide screening investigation from May 2, 2016 to July 1, 2016, during which patients age 65 or older completed the clock drawing test (n = 671) within the University of Florida preoperative anesthesia clinic; and (2) a separate federally funded prospective study examining cognition in older adults before orthopedic surgery (n = 67; final total sample = 738 participants). Patients did not complete a clock drawing if they had a history of a major learning disability, an inability to effectively hold a pen, significant loss of hearing, or having a first language other than English. Clock Drawing Tests were administered by a trained administrator in a private and quiet room. Two Clock Drawing Test conditions were administered. First, individuals completed a command condition in which they were told to "draw the face of a clock, put in all the numbers, and set the hands to 10 after 11." This command condition was then followed by a copy condition in which the patients copied a clock drawing. For the purposes of the current investigation, we examined rater scores for clocks only acquired from the command condition.
Clock Drawing Test Scoring Systems
Montreal Cognitive Assessment. Within this test, clock drawing accounts for 3 of the 30 total possible points. 5 The clock is scored for the contour of the clock face, the placement and length of the hands, and the placement of the numbers, with 1 point given for each correct component (full details at www.mocatest.org). For the Clock Drawing
The Clock Drawing Test is a cognitive screening tool gaining popularity in the perioperative setting. We compared 3 common scoring systems: (1) the Montreal Cognitive Assessment; (2) the Mini-Cog; and (3) the Libon scale. Three novice raters acquired interrater and intrarater reliability for each scoring system and then scored 738 preoperative clock drawings with each scoring system. Final scores correlated with each other but with notable discrepancies, indicating the need to attend to interrater and intrarater reliability when implementing any scoring approach in a clinical setting. (Anesth Analg 2019;128:e61-4)
Test component, individuals with dementia score an average 1.64 of 3 points. 4 Mini-Cog. In the Mini-Cog assessment, clock drawing is combined with a 3-word recall (worth up to 3 points). 6 The circle of the clock face is provided to the participant as part of the test, with the final clock drawing scored as normal (2 points) or abnormal (0 points) based on hand and number placement (full details at mini-cog.com). Mini-Cog scores of 3, 4, or 5 indicate less likelihood of dementia but does not rule out some degree of cognitive impairment. 6, 7 In our study, raters disregarded clock face contour for the final score because our Clock Drawing Test administration required patients to draw the face of a clock as well as the numbers and hands.
Libon. This scoring approach is based on traditional analysis of process and errors. 3 Errors are summated based on 3 qualitative categories: graphomotor/clock face errors; errors in hand/number placement; and executive control errors. The total number of errors possible is 10. On the command condition of clock drawing, individuals with Alzheimer disease produce an average of 2.1 ± 1.2 errors, and individuals with small vessel vascular disease produce 2.9 ± 1.3 errors.
Measuring Intrarater and Interrater Reliability
Three novice medical students (authors B.W.F., K.T.W., and M.Y.Z.) independently studied each of the Clock Drawing Test scoring systems. To establish intrarater reliability, 40 deidentified clock drawings from external federally funded institutional review board-approved investigations were selected for scoring and randomized into different sets (set A, set B, etc). These clocks represented a range of cognitive impairment. Raters independently scored clock drawings with each Clock Drawing Test system (ie, Montreal Cognitive Assessment, MiniCog, and Libon). Raters first used Libon Scale 1 for the first 20 clock drawings, but after phone consultation with Dr David Libon, it was recommended that the raters use Libon Scale 2. 
Determination of Clock Score by System
Estimates of intrarater and interrater reliability were deemed adequate as described by Landis and Koch. 8 After the intrarater and interrater reliability phase of the project was completed, each rater independently scored 738 clock drawings with each of the 3 scoring systems (for a total of 2214 clocks each) and compared scoring when discrepancies occurred. For the Montreal Cognitive Assessment and Mini-Cog system, discrepancies were discussed; if any person disagreed on a clock score by ≥1 points, then all raters would systematically rereview the rating criteria together to come to a consensus. If agreement could not be reached for any reason, a resident expert (C.C.P.) was consulted. A majority rules approach 9 was then used for the final Montreal Cognitive Assessment 5 and Mini-Cog 6 scores. Because the range of scores was much greater for Libon (ie, scores could range from 0 to 10), the mean Libon score of the 3 raters was calculated to determine a final score.
Statistical Analysis
SAS version 9.4 (Cary, NC) was used for all analyses. κ statistics, chance-corrected indices, which measure agreement, and 95% CIs were computed to assess intrarater and interrater reliabilities for the Mini-Cog. SAS default-weighted κ statistics and 95% CIs were computed to assess reliabilities for the Montreal Cognitive Assessment and Libon scoring methods. Interrater reliabilities were then computed for each pair of raters and averaged. To assess rater scoring variability, the absolute value of different scores between each rater was computed for each rater pair and for each scoring system. Spearman correlations examined associations between the final scores for ( 
RESULTS

Establishing Rater Reliabilities on Training Sets
Intrarater Reliabilities. For the Montreal Cognitive Assessment, the estimated intrarater reliabilities were 0.89 (95% CI, 0.76-1.00), 0.89 (95% CI, 0.78-0.99), and 0.94 (95% CI, 0.86-1.00). Each rater had perfect estimated intrarater Preoperative Clock Drawing Test Data Set Participant Description. The mean age of the sample was 73.3 years (SD = 6.1); 47% were female, 89% were Caucasian, 7% were African American, and 4% were of other race/ethnicity. The mean (SD) number of years of education was 14.2 (2.9). Despite the initial fair interrater reliabilities on the training sets of clock drawings, on scoring the entire sample (n = 738), the discrepancies of raters' scores were minimal (Table 1 Although the final Clock Drawing Test system scores correlated highly with each other, there were notable divergent clocks within each comparison group (Table 2; Figure) such that discrepancies were identified for one-fifth of the sample. 
DISCUSSION
This study highlights the necessity for health care systems to consider intrarater and interrater reliability training for Clock Drawing Test scoring regardless of system approach. We found that novice raters could achieve high intrarater and moderate interrater reliability during the clock training sets. Despite this established skillset, the 3 raters did produce score discrepancies for ≥20% of the full preoperative sample. For example, the Figure shows how a difference of 1 point on either the Montreal Cognitive Assessment or Mini-Cog alters the label "intact" to "impaired" or vice versa. This finding has clinical relevance; patients may show 1 point score discrepancies preoperatively to postoperatively, and this difference could simply reflect rater bias and not true change. This is a topic that needs consideration and additional research. Based on these collective findings, we conclude that although any one of the reviewed Clock Drawing Test scoring approaches appear appropriate for implementation, examiners need to remain vigilant in maintaining adequate training and rater reliability assessment. An additional consideration is that the choice of one Clock Drawing Test scoring approach does not exclude future application of another scoring approach for clinical care. A distinct advantage of the Clock Drawing Test is that many different scoring systems can be implemented as long as the visual figure of the clock is maintained. The Clock Drawing Test can be administered and scored in the perioperative setting (eg, Culley et al 10 ) with the visual image saved to medical files, and provided to neurocognitive specialists for clinical rereview with more comprehensive scoring protocols. Because the Clock Drawing Test is used clinically throughout neuropsychological clinics across the country, a preoperative clock drawing image provides a gateway for cognitive monitoring over time. 2 We recognize study limitations. Due to constraints of the preoperative setting and reliability on clocks available for review, we lacked a sample size justification to achieve an a priori precision of reliability measures. In addition, we chose to report averages for estimates of multirater reliability, but note that other multirater estimates are also available. Future work needs to examine rater reliability across a wider range of neurocognitive pathologies within the perioperative setting. Perioperative scoring approaches should also be compared with more modern Clock Drawing Test approaches such as the digital clock drawing task, which collects >10,000 variables per patient.
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CONCLUSIONS
When selecting a Clock Drawing Test scoring system to evaluate patients, practitioners are encouraged to establish a plan for acquiring and maintaining rater reliability and to discuss the pros and cons of each clock scoring approach before final administration in their clinical setting. E DISCLOSURES
